Introducing a perceived spatial separation (via the precedence effect) between target speech and competing speech reduces the signal-to-noise ratio (SNR) required for the recognition of key target words by 3-7 dB in syntactically-correct but semantically-anomalous target sentences such a "A rose could paint a fish" (target words: rose, paint, fish). A recent study of monolingual Mandarin participants listening to anomalous sentences in Mandarin Chinese suggests that perceived spatial separation releases listeners from informational masking (IM) by facilitating access to the lexicon at the morphemic level, presumably by enhancing the segregation of the target speech from the competing speech background. This raises the interesting question as to whether perceived spatial separation facilitates lexical access in the same way for people listening in the second language (L2) as it does when listening in their first language (L1) since access to the L2 lexicon is likely to be less robust than access to the L1 lexicon. A second interesting question is the extent to which operating in a L2 environment affects release from IM when the competing speech is in L1. These issues will be addressed in L2 English listeners whose L1 is either Chinese or Korean.
HOW NOISE AND SPEECH MASKERS AFFECT SPEECH COMPREHENSION
The greater the acoustic dissimilarity between the target speech and the competing background, the easier it will be for auditory processes to segregate and maintain distinct auditory objects. We can also assume that the more distinct the auditory objects, the easier it is to focus attentional resources on the target while ignoring the competitor. Now consider the case in which a speech competitor and a steady-state noise produced approximately the same amount of energetic masking. Hence, as indicated in Figure 1 , when the masker and target are perceived to originate from the same location in space, the greater the acoustic dissimilarity between target speech and the masker, the easier it is to maintain focus on the target, thereby enhancing lexical processing and speech recognition. Hence, when the acoustic properties of the signal are quite distinct from those of the masker (e.g., speech-spectrum noise), fewer working memory resources are required to maintain the speech target in focus, and to minimize the interference from the masker.
A common acoustic manipulation that can increase the distinctiveness of auditory objects is to spatially separate them. In the experiments reported below, the precedence effect was used to achieve a perceived spatial separation. The auditory object corresponding to the target speech was played over two loudspeakers situated 45 degrees to the left and right of the listener in a sound-attenuating booth, with the signal played over the right loudspeaker leading the signal played over the left loudspeaker by 3 ms, leading to the impression that the target speech was emanating from the right. When the masker was played simultaneously with the target speech, it was also perceived as emanating from the right when it also was played over the right loudspeaker 3msec ahead of the same masker played over the left loudspeaker. Under these conditions, both the speech target and speech masker were perceived as emanating from the right. However, when the masker playing over the left loudspeaker led the masker playing over the right loudspeaker by 3 ms, the speech target was perceived to the right whereas the masker was perceived to be at the left (speech target and masker spatially separated). A comparison of performances when the target and masker are perceived to be co-located, to those when they are perceived to be spatially separated, shows that the performance in the spatially-separated condition is generally better than in the co-located condition. However, the extent of the improvement in performance is depends on the nature of the masker. When the masker is acoustically quite distinct from the target, the improvement in performance in going from the co-located to spatially-separated condition is minimal. However, when the masker is acoustically similar to the target (e.g., two other talkers), the improvement is much larger ( on the order of 3-7 dB improvement in speech reception threshold).
The larger improvement with spatial separation most likely reflects the fact that spatial separation enhances object formation and segregation. However, when the masker is steady-state noise, which is already well differentiated from the speech target, the improvement is minimal. But when the masker is competing speech, spatial separation can provide a dramatic improvement in stream segregation, making it easier for the listener to maintain focus on the speech target and ignore the competing stream. The first major point that I wish to make in this talk is that the acoustic factors that lead to a release from informational masking lead to improved access to the lexicon.
Acoustic Similarity Modulates Access to the Lexicon
The first piece of evidence that acoustic similarity modulates access to the lexicon comes from studies (e.g., Freyman et al., 1999) of the masking of semantically anomalous but syntactically correct sentences by either steadystate noise or by two other talkers of the same gender who are also producing similar anomalous sentences. The target sentences in these experiments contain three key words in a syntactically-correct sentence frame, but with a semantically anomalous meaning ("A shop could frame a dog.", key words in italics). The two talkers are also producing similar semantically-anomalous sentences, with the masker (either steady state noise or two other talkers) always starting 1 s before the target sentence, and terminating at the end of the target sentence. Figure 2 plots the speech reception threshold (50% point on the psychometric function relating percent correct word identification to signal-to-noise ratio, SNR) as a function of word position from a number of experiments in which the masker and target were co-located This figure shows that in all of the experiments in which the masker was speech-spectrum noise, the SRT is approximately constant across word position. However, when the masker was two-talker speech or reversed two-talker speech, performance improved as a function of word position. Ezzatian et al (2012) interpreted this as an indication that when target and masker were acoustically similar and perceived to be colocated, that it takes time to segregate and build-up acoustic objects corresponding to the target and masker, and, as a result, access to the lexicon improves over time (over word position).
An interesting observation is that when the two-talker masker was vocoded (using either 3 or 16 bands) and presented as the same SPL as before, not only did the SRT for the signal improve dramatically, but the word position effect disappeared. This suggests that the ability to segregate the target from the masker, when the masker and target are co-located, is primarily due to the acoustic similarity between target and masker. It was also found that when the intact two-talker masker was perceived to be spatially-separated from the target, the word position effect disappeared, suggesting that spatial separation encourages the rapid segregation of auditory objects. These experiments support the hypothesis that acoustic similarity between target and masker modulates access to the lexicon. Figure 2 . Speech reception thresholds in dB SNR (50% correct point on the psychometric function relating word identification to SNR) as a function of word position. The speech targets were semantically-anomalous sentences with three keywords. The masker was either a speech masker (left panel) or noise masker (right panel). In both instances, the speech target and masker were perceived to be emanating from the same spatial location. Four different types of speech masker were employed: 1) intact two-talker speech; 2) reversed two-talker speech; 3) two-talker speech vocoded using 3 bands; and 4) two-talker speech vocoded using 16 bands. The noise masker data were taken from the same groups of participants used for the four different speech masker conditions. Dotted lines connect SRT thresholds in which performance increased significantly (SRT thresholds were lower) from the first to the last keyword. Solid lines connect SRT thresholds where there was no significant linear increase in performance over keyword position. Data replotted from Ezzatian et al. (2012) .
Spatial Separation Enhances Lexical Access While Having a Minimal Effect on Lexical Processing
An interesting question with respect to lexical access is whether spatially separating target and masker simply improves access to the lexicon through inhibition of the competing speech stream, or whether it actually enhances lexical processing. An examination of oriental languages (Mandarin Chinese, and Korean) provide us with a way to address this issue. In Mandarin Chinese, most nouns consist of two stand-alone morphemes (Packard, 2004) . For instance in Mandarin Chinese, the word glacier.is a two morpheme compound word (bƯnghé) where the individual morphemes (bƯn and ghé), which mean ice and river, respectively, are also stand-alone words in Chinese. In Korean, nouns derived from the Chinese language also are composed of two stand-alone morphemes. Most theories of lexical access in Chinese (see Packard, 2004) assume that lexical access is based on phoneme recognition, and that the cohort of activated words is sequentially diminished as the acoustic signal unfolds (cohort model of lexical access, Marslen-Wilson, 1989) , until the meaning of the two-morpheme word is accessed. According to these theories, lexical access to the "stand-alone" morphemes composing the words would be superfluous since access can be gained from the sequential unfolding of the phonemic sequence alone. However, an argument can be made that access to the morphemes could provide another pathway to the meaning of the whole word, especially when masking is involved. For instance it is conceivable that in the presence of a masker, the first morpheme, but not the second is heard correctly. In that case the listener could apply her or his knowledge of morpheme linkages to help reduce the size of the cohort activated by the second morpheme. In other words, the correct identification of the first morpheme could facilitate acquisition of the second morpheme, and therefore, the correct identification of the whole word. An examination of semantically anomalous sentences in these two languages then could reveal whether spatially separating the target and masker not only facilitates access to the first morpheme of the word, but also facilitates morpheme linkages. Figure 3 (left panel) plots the increment in the probability of getting morpheme 1 correct when target and masker are perceived to be spatially separate, as a function of the probability of getting morpheme 1 correct when target and masker are co-located. This function was constructed by first determining the probability of getting morpheme 1 correct at a particular SNR when target and masker or co-located, and then determining the increment in probability at the same SNR when they are spatially separated, for 3 separate types of maskers (noise, Chinese, or English) . This panel shows that the probability of getting morpheme 1 correct improves in going from spatially co-located to spatially separated by the same amount for noise and English maskers, but by a significantly larger amount when the masker is of the same language as the target. Figure 3 (right panel) shows a similar plot for Korean sentences presented to native Koreans now living in Toronto when the maskers were speech-spectrum noise, Korean, and Chinese. Note that the improvement in performance is lowest for noise but substantially higher for both Korean and Chinese maskers. These data are consistent with the notion that for Korean listeners, spatial separation provides an equivalent amount of release from Korean and Chinese maskers because Chinese is acoustically similar to Korean. Hence, in the co-located condition, Korean listeners find it difficult to segregate the two streams. shows what happens to the probability of getting the second morpheme correct given that the first morpheme is correct, as a function of the probability of getting the first morpheme correct. Figure 4 (right panel) shows the probability of getting the second morpheme correct given that the first morpheme was incorrectly identified, as a function of the probability of incorrectly identifying the first morpheme. Both of the panels indicate that while spatial separation increases the probability of getting morpheme 1 correct, it does not alter listeners' use of sequential dependencies among morphemes in arriving at the second morpheme in the word, and hence, the meaning of the whole word. Therefore, spatial separation appears to facilitate access to morphemes without affecting the lexical processes that link morphemes together in word formation. Figure 4 . Left panel. The probability that Morpheme 2 of a two-morpheme Chinese word is correctly recognized given that morpheme 1 is correctly recognized is plotted as a function of the probability of Morpheme 1 being correct. Note that this function is essentially the same for all combinations of spatial positions and masker type. Right panel. The probability that Morpheme 2 of a two-morpheme Chinese word is correctly recognized given that morpheme 1 is incorrectly recognized is plotted as a function of the probability of Morpheme 1 being incorrectly recognized. Note that this function is essentially the same for all combinations of spatial positions and masker type. Adapted from Wu et al., 2011 . 
Do Factors That Alter Lexical Processing Interact with Factors Affecting Stream Segregation?
We have presented evidence that suggests that spatial segregation affects lexical access because it enhances stream segregation. We now will investigate how the ease of stream segregation affects lexical access in listeners whose native language is Chinese (L1) but who have lived and operated in an English (L2) environment for varying degrees of time. Figure 5 . The percentage of target words (either English or Chinese) correctly identified when they are presented simultaneously with either a noise masker, a cross-language masker (English masker for Chinese targets, Chinese masker for English targets) or a same language masker is shown as a function of SNR when target and masker are co-located (filled circles and dotted lines) or spatially separated (filled squares, solid lines). The listeners in the left panel are L1 Chinese who arrived in Canada from China when they were between 8 and 12 years of age and were classified as long-term residents. The listeners in the right panel are L1 Chinese arrived in Canada when they were 14 or older and were classified as recent arrivals. At the time of testing all participants were between 18 and 30 years of age. RFM refers the extent of the release from masking due to spatial separation and is the dB separation between the solid and dotted lines at the speech reception threshold (50% point on the y axis). The p value associate with each RFM (single tailed t-test) is specified for each calculated RFM. If the p value exceeded .05, the RFM was marked as not significant (ns). Avivi-Reich & Schneider, in preparation. We might expect that the lexicons of those who have just recently been immersed in their L2 environment to be in a state of flux relative to those who have been immersed in their L2 for many years. What then are the effects of manipulations that affect stream segregation on lexical access in these two populations. To investigate this, young L1 Chinese listeners (18-30 years old) now residing in Toronto were divided into 2 groups: 1) those who became immersed in their L2 (English) after age 13, and 2) those who became immersed in their L2 after age 7 but before age 13. All participants were presented with semantically-anomalous target sentences in both English and Chinese in three different backgrounds (speech-spectrum noise, two-talker English speech, and 2-talker Chinese speech) under 2 different spatial separation conditions (co-located and spatially separated) at 4 different SNRs. The results are shown in Figure 5 . Of special interests are the differential effects of spatial separation on recent arrivals and longer term residents of Canada when the target is Chinese and the masker is English, versus when the target is English and the masker is Chinese. When the target is Chinese and the masker is English spatial separation produces a significant release from masking when the listener has only been recently immersed in English, but produces no release from masking when the listener has a long history of immersion in English. However, the effects of release from masking due to spatial separation are reversed when the target is English and the masker is Chinese. One possible interpretation of these results involves the ways in which lexical access may be achieved in newly immersed versus more proficient L2 listeners. Newly immersed L2 individuals listening to English may be linking their L2 input to their L1 lexicon in accessing meaning (Kroll & Stewart, 1994) . Hence, even if spatial separation improves stream segregation, L1 competing speech may be not be inhibited because the meaning of an L2 utterance is partially mediated through the L1 lexicon. This would explain why spatial separation does not provide a release from masking when newly-arrived L2's attempt to access the meaning of an L2 utterance when in the presence of competing L1 utterances. However, earlier immersion in L2 may reduce the degree to which L2 meaning is accessed through L1, so that spatial separation will provide a substantial release from masking. But when the target is Chinese (L1) and the masker is English (L2), lexical linkages from L2 to L1 need not be employed by the recently immersed and therefore they do experience some release from masking. To explain why there is no release from masking in individuals who have a long history of immersion in L2 when the target is L1 and the masker is L2, we may hypothesize that with long term immersion it becomes easier to segregate the two language streams even when masker and target are co-located. Hence, spatially-separating masker and target provides little release from masking.
CONCLUSIONS
The studies reviewed here suggest that lexical access, but not necessarily the way in which information is processed in the lexicon, is modulated by the nature of competing sound sources (e.g., noise versus speech) and the parameters of the auditory scene (e.g., competing sound sources co-located or spatially separated). In addition, for L2 listeners, the effects that the acoustic features of sound sources and the layout of the auditory scene have on lexical access are likely to depend on how well-developed their L2 lexicon is, and the degree to which it functions independently of their L1 lexicon.
